Cardiac troponin I (cTnI) is an important biomarker of acute myocardial infarction (MI) in animals and human beings. Nevertheless, no immunohistochemical study has been reported about the pattern of myocardial cTnI egression in a minimally invasive model. The present study intended to establish a minimally invasive model of MI and to evaluate the distribution of cTnI. Twelve Mongrel dogs were divided into 2 groups (n = 6): experimental and sham-operated group. Three incisions were made on the left thoracic wall, left anterior descending (LAD) of coronary artery was identified and titanium nips were clamped by video-assisted thoracoscopy surgery (VATS). Series of electrocardiograms (ECG) and biochemical analyses of blood samples -oxidatively modified proteins (OMP), creatine kinase (CK), and cTnI were performed. Furthermore, Masson's trichrome staining was used to observe the histopathology of cardiac myocytes, while immunohistochemistry was done to observe cTnI egression from myocardium. ECG showed elevated ST-segment, whereas OMP, CK and cTnI level increased remarkably and declined to baseline subsequently in the model group throughout study period. Masson's trichrome staining of model group showed a large amount of collagen deposition in the fibrotic area as compared to control group. In immunohistochemical staining, no loss of cTnI staining was observed in non-necrotic myocardium, meanwhile, a great loss was observed in necrotic myocardium. An exception was the myocardium of cardiac apex, where loss of cTnI was visible even in non-necrotic myocardium. All these results revealed that loss of cTnI occurs not only in the necrotic myocardium but also in so-called non-necrotic myocardium of minimally invasive MI model through VATS.
Introduction
One of the key causes of heart failure (HF) is acute MI with symptoms emerging in those patients who have persistent substantial myocardial injury and ventricular injury (Jhund and McMurray, 2008; Liu and Chen, 2018; Shah et al., 2012) . Chest pain in patients at rest without ST-segment elevation on the electrocardiogram, the diagnoses of unstable angina and non-Q-wave MI are generally considered together since they cannot be differentiated clinically or angiographically (Cannon et al., 1995; Fuster et al., 1992; Shukla and Aggarwal, 2017) . It has been reported that in the USA alone the overall direct expenses of HF care is more than $20 billion per annum (Naveed et al., 2018; Stelzle et al., 2016) . The American College of Cardiology/American Heart Association (ACC/AHA) non-ST segment elevation acute coronary syndrome (NSTE-ACS) guidelines in 2014 recommend that Cardiac troponin (cTn) should be measured on first assessment and repeatedly 3-6 h later (Yokoyama et al., 2018) . Troponins are proteins involved in the regulation of cardiac and skeletal muscle contraction (Horwich et al., 2003) . The cTnI and Cardiac troponin T (cTnT), are well-established diagnostic and prognostic markers in acute coronary syndromes (Rezvanpour et al., 2014) . Cardiac troponin I is highly specific for myocardial tissue and is not detectable in the blood of healthy persons (Adams, 1993a) . After an occurrence of myocardial necrosis, it may remain elevated for 7 to 10 days (Adams et al., 1993b) . The existence of cardiac troponins in the serum shows myocardial injury or loss of cell membrane integrity (Rainer et al., 2008) . The extent of myocardial necrosis is an important determining factor in the risk of death (Kavsak et al., 2007; Rogers et al., 1977) .
The introduction of laparoscopic cholecystectomy in the late 1980s marked the beginning of a revolution of minimal access surgery, which had spread to involve almost every surgical subspeciality (Hunter, 1999) . Compared with the traditional surgeries, the benefits of minimally invasive procedures include decreased injury and reduced postoperative pain and complications. Minimally invasive trauma could lower the metabolic and immune response (Vittimberga Jr. et al., 1998) , since the cytokine network plays a pivotal role in the acute inflammatory and immunologic response to surgical trauma (Vittimberga Jr. et al., 1998; Wan et al., 1997) . Several laparoscopic procedures have been shown to be associated with decreased release of cytokines when compared with their open counterparts (Cho et al., 1994; Ellström et al., 1996; Karayiannakis et al., 1997; Sietses et al., 1999; Yuen et al., 1998) . So, minimally invasive technique can provide an ideal model for pharmacologists to better understand MI. Since the early 1990s, video-assisted thoracoscopy surgery (VATS) has been proposed to be a less invasive approach than traditional open procedures (Hazelrigg et al., 1993; Kim et al., 2004) .
Most authors consider the measurement of cTnI is a valuable approach for the diagnosis of acute MI and for risk stratification in acute myocardial ischemia (Antman et al., 1996; Apple et al., 1997) . However, to date, no immunohistochemical study has been performed to study pattern of myocardial cTnI egression during ischemic injury in a minimally invasive model system. In this work, we have established a minimally invasive MI in canine model through VATS and we have studied the difference in the distribution of cTnI in the myocardium between the model and sham-operated animals.
Materials and methods
12 Mongrel dogs, 20-30 months old, weighing 8.7-13.5 kg, were purchased from the Department of Veterinary Clinical Sciences of Tongji Medical College, Huazhong University of Science and Technology China. The animals care and management were performed according to the Principles of Laboratory Animal Care and the Guide for the Care and Use of Laboratory Animals. Animal experimental protocol was approved by the China Pharmaceutical University Institutional Animal Care and Use Committee.
Anti-cardiac Troponin I antibody (ab10231), was bought from Abcam Co., Goat anti-mouse Immunoglobulin G (IgG), SABC and color-developing reagents were bought from Boster Co., Masson's trichrome staining kit was obtained from Beyotime Institute of Biotechnology, Haimen, China. Titanium nips purchased from Jiangxi Hongda Medical Equipment Group Co. LTD., Nanchang, Jiangxi, China.
Animal model
We followed our logbook of experiments (2005) (2006) (2007) (2008) (2009) (2010) (2011) (2012) (2013) (2014) (2015) (2016) to find animal experiments in which well-characterized myocardial injury was formed in a minimally invasive model by VATS (Zhou et al., 2007) . Twelve Mongrel dogs were equally divided into two groups: Experimental group and Sham-operated group. Experimental dogs underwent permanent coronary ligation while no ligation was done in sham-operated group. All the dogs were weighed, shaved, scrubbed and disinfected with 75% ethanol at neck and chest area and anaesthetized by injecting 3% pentobarbital sodium (30 mg/kg). Anaesthetized dogs were placed in a supine position and endotracheal intubation was performed. Ventilation was acquired by connecting the endotracheal tube to HX-300S ventilator. After achieving steady respiration, three 10-mm-long incisions on the left thoracic wall were made between the 3rd and 4th intercostal space and Thoracoport device was placed into the incisions to expose the left ventricle. Thenceforth, LAD of coronary artery and other 1 or 2 diagonal branches were identified and titanium nips were clamped by video-assisted thoracoscopy (McFadden, 2000) to induce MI. The changes of ECG, OMP, CK, and cTnI levels in serum showed that the LADs of coronary arteries in the model group were definitely obstructed by the titanium nips. This ideal minimally invasive animal model of MI could closely resemble the pathophysiological characteristics in patients with remarkable changes of ECG and biochemical parameters etc.
Electrocardiography
All dogs were anaesthetized with 10% chloral hydrate and then held in supine position on the worktable and four electrodes of electrocardiogram machine were subcutaneously inserted in the dogs' limbs (Naveed et al., 2017) . Briefly, Black electrode was inserted into the right lower limb, Red electrode into the right upper limb, Green electrode into the left lower limb and the Yellow electrode into the left upper limb respectively. A series of ECG was established in all dogs at pre-infarction and post-infarction.
Biochemical parameters
Series of biochemical analyses of blood sample such as oxidatively modified proteins -OMP (Rutkowska et al., 2005) , creatine kinase -CK, and cardiac troponin I -cTnI were performed in the baseline, 1st hour and then in 6th hour, and 1st, 4th, 7th, 14th and 28th day after surgery to assess myocardial injury.
Histopathological analysis
All the dogs were sacrificed after the completion of study period (28 days). The skin and muscles were clasped and prepared for surgery from the xiphoid process and then their chest and ribs were detached to expose the heart. The aorta were taut with silk suture to avoid bleeding and then their heart was removed. The heart was flushed several times with phosphate buffer saline (PBS) (1 : 100) to remove the residual blood and then fixed with 10% formalin. The heart was then sliced into 5 µm coronal sections and dehydrated in graded series of ethanol i.e. 70, 80, 90, 95 and 100% and fixed in paraffin. Masson's trichrome staining was performed to distinguish the collagen and muscle fibers. We have retrieved the archival paraffin blocks then resliced and prepared one Masson's stained section for each block and examined it for histologic evidence of MI/necrosis (Kumashiro et al., 1999) . Necrosis demarcated as a large amount of collagen deposition in fibrosis area within contraction bands. We have observed the varying degrees of collagen deposition in the necrotic zones. They were comprised of archival formalin-fixed, paraffin-embedded myocardium. The ischemic injury was categorized by following methods that included changes of ECG and OMP, CK, cTnI levels in serum, nitro blue tetrazolium (NBT) staining and identification of Masson's stained sections to show myocardial necrosis.
Immunohistochemical staining
We have prepared several unstained slides from each paraffin block for immunohistochemical staining (McElroy et al., 1978) . All tissues used for immunohistochemical studies resulting from transverse slices of myocardium were fixed in 10% neutral-buffered formalin for 24-36 h, treated consistently and entrenched in paraffin. We have deparaffinized the 5 µm tissue sections with xylene two times for 10 min. Slides were rehydrated after 10 min each with 100-70%-graded alcohol. The activity of endogenous peroxidase was stopped by incubation in 3% hydrogen peroxidase for 10 min followed by two times washing with PBS for 5 min. Then sections were incubated for 30 min with 5% bovine serum albumin (BSA) (diluted in PBS) at 37 °C and again incubated at 4 °C for 12 h with primary antibodies cTnI (ab10231, 1 : 200). The primary antibodies were removed by continuous three times washing with PBS for 5 min, then these sections were incubated with goat anti-mouse IgG (1 : 200) in 1% NHS for 30 min. After three times washing with PBS for 5 min, sections were incubated with SABC (1 : 1000) in PBS for 30 min. After three times washing for 5 min with PBS, colour-developing reagent was put on the sections, intermittent by the washes of double-distilled water. Counterstaining of slides was done with diluted hematoxylin, rinsed with ammonia and followed with tap water. Graded ethanol series was used for sections dehydration, which were then cleaned in xylene and cover-slipped. Antibody dilutions and incubation time was selected for the optimum staining of tissues.
Statistical analysis
Statistical analysis was performed using two-way ANOVA to measure statistical differences between data obtained in the control and model groups. All data were presented as mean ± SEM. The value of P < 0.05 was considered statistically significant.
Results

Electrocardiography
In all dogs of the model group, ST-segment elevation >0.1 mV was showed on ECG when the last titanium nip was clamped. ST-segment elevation lasted for 28 days. Pathologic Q waves also showed up in all model animals. No ECG changes were observed in the control group (Fig. 1A) .
Biochemical parameters
To assess myocardial damage, OMP, CK and cTnI levels in serum were measured. In the model group, OMP, CK and cTnI levels were increased remarkably post infarction, reached the peak value at 6-24 h and returned to baseline subsequently. No changes were showed in the control group (Fig. 1B-D) .
Histopathological analysis
To assess the degree of fibrosis, the sections from different parts of hearts were stained with Masson's trichrome staining. A large amount of collagen deposition was found in the fibrosis area of the model group. There was no collagen deposition in non-fibrosis area of the model group and no collagen deposition was observed in the whole area of the sham-operated animals (Fig. 2) .
Immunohistochemical analysis
A significant difference between the model and sham-operated animals was discerned in the levels of serum cTnI. Cardiac troponin I was homogeneously distributed in sham-operated myocardium while it was not seen in the necrotic myocardium. Cardiac troponin I could be found only in the non-necrotic myocardium in the borderline of necrotic and non-necrotic zone of model group but even there, in the non-necrotic myocardium, distribution of cTnI was not as homogeneous as in the sham-operated myocardium (Fig. 3) . 
Histopathological and immunohistochemical combination analysis
Histopathological and immunohistochemical analyses were made together to the myocardium in the cardiac apex of one model dog. The sections of the myocardium in the same position of the same cardiac apex were stained with Masson's trichrome staining and cTnI Immunohistochemical staining (Fig. 4) . It was found that loss of cTnI was observed even in non-necrotic zone showed by immunohistochemical staining in the myocardium of cardiac apex.
Discussion
In the present study, we have found the difference in the distribution of cTnI in the myocardium between the control and model group through immunohistochemical study. Moreover, we have designed a minimally invasive model of MI by VATS because the invasive injury caused by traditional large opening thoracotomy is so serious, and some of the animal model have difficulties in surviving after surgery, thus this method is not very suitable for carrying out long-time pharmacodynamics study to some extent. The ideal animal model of MI should closely resemble the pathophysiological characteristics in patients with remarkable changes of ECG, biochemical parameters, etc. Fig. 3 . A cTnI immunohistochemical staining of sections of the LV from dogs sacrificed after 28 days of coronary occlusion: normal myocardium was stained red, and collagen fibers were stained green (A) Sham-operated myocardium: cTnI was in the homogeneous distribution. (B) Necrotic myocardium: cTnI could not be seen in the whole zone. (C) Myocardium in the borderline of necrotic and non-necrotic zone: cTnI could be found only in the non-necrotic myocardium. (D) Magnified picture of C the borderline of necrotic and non-necrotic zone: cTnI could be found only in the non-necrotic myocardium; but even if in the non-necrotic myocardium, distribution of cTnI was not as homogeneous as in the sham-operated myocardium. We have analyzed a series of biomarkers: changes of ECG and serum levels of OMP, CK and cTnI in control vs. model group. Our result showed that ST-segment elevation of ECG in model group was present up to 28th day of experiment while it was unchanged in sham-operated group. Our results also showed that CK levels were elevated at 24th hour of experiment in model group and returned to baseline quickly, while cTnI was remarkably elevated at 24th hour of experiment and remained elevated till 7th day. Which is consistent with the results of Feng et al. (1998) who, in the swine model, showed, that the plasma concentrations of cTnl peaked at 18 h, and returned to baseline at 5th day, while the concentration of creatine kinase-MB isoenzyme peaked at 12 hours after stenosis of the LAD artery and met the baseline at 48 h. Our study is also in accordance with Ricchiuti et al. (1998) in dog model, Leonardi et al. (2008) in ovine model, Benoist et al. (1997) and Jaffe et al. (1996) in humans i.e., cTnI achieved its peak concentration at 1st day of coronary occlusion. These findings clarify the suitability of cTnI over CK or OMP for detection of MI because unlike, CK and OMP, cTnI showed not only sustained elevation but also slow elimination from the circulation after coronary occlusion.
Several studies in different experimental models showed that measurement of cTn in serum is the most sensitive and specific biomarker of myocardial necrosis (Thygesen et al., 2010) . Furthermore, various observations suggested that cTn immunohistochemical staining might be useful for identifying myocardial necrosis in human hearts autopsy (Amin et al., 2011; Hansen and Rossen, 1999) . Our study, in a minimally invasive canine model of MI, demonstrated that cTnI staining loss could be identified even in the absence of histologic evidence of necrosis such as in cardiac apex, i.e., no loss of cTnI was observed in non-necrotic myocardium, meanwhile, a great loss was observed in necrotic myocardium. An exception was the myocardium of cardiac apex, where loss of cTnI was visible even in non-necrotic myocardium. The explanations for this is, distribution of cTnI flow within the ischemic tissue is not uniform, development of necrosis may occur earlier in some parts of infract than others, as well as flow of cTnI away from necrotic fibers may also be changeable, causing rate of "washout" difference in different fibers (Amin et al., 2011) . So, our studies demonstrated that cTnI immunohistochemical staining may be more sensitive than usual Masson's trichrome staining for the recognition of myocardial necrosis in experimental animals as well as human hearts at autopsy.
Myocardial troponin egress from the myocardium exists in the minimally invasive model of MI, which could be proven by significant difference in the levels of serum cTnI between the model and sham-operated animals. Immunohistochemical staining by antibodies to cTnI can be used to visualize cardiac troponins and record their loss in histologic sections of canine myocardium. To summarize the outcomes with permanent occlusion, antibodies could detect cTnI in normal myocardium and their loss in necrotic myocardium. Fishbein et al. (2003) reported that there was greater loss at the periphery than at the center of the lesions, which we could not observe in this study. We think that its reason is perhaps that the obstructed time of LAD was not a few hours, but 28 days in our study. Thus, cTnI egress got the same degree at the periphery as at the center of the lesions in the last of a very long obstructed time. This phenomenon perhaps resembles the most clinical evidence more likely (Fishbein et al., 2003; Jasra et al., 2012; Jia et al., 2015; Tunca et al., 2008) .
Conclusion
Our results indicated that myocardial troponin, especially cTnI, egress from the myocardium exists in the minimally invasive canine model of myocardial infarction through VATS. Immunohistochemical staining using antibodies to cTnI can be used to visualize pattern of myocardial cTnI egression and its decline in histologic sections of canine myocardium. Loss of cTnI occurs following ischemic injury not only in the necrotic myocardium, but also in so-called non-necrotic myocardium showed by immunohistochemical staining. Furthermore, the present experiment was a minimally invasive pharmacology (MIP) study and perhaps it is a promising animal model for the metabolomics study of MI.
